Abstract The recent development of tools to decipher the intricacies of neural networks has improved our understanding of brain function. Optogenetics allows one to assess the direct outcome of activating a geneticallydistinct population of neurons. Neurons are tagged with light-sensitive channels followed by photo-activation with an appropriate wavelength of light to functionally activate or silence them, resulting in quantifiable changes in the periphery. Capturing and manipulating activated neuron ensembles, is a recently-designed technique to permanently label activated neurons responsible for a physiological function and manipulate them. On the other hand, neurons can be transfected with genetically-encoded Ca 2? indicators to capture the interplay between them that modulates autonomic end-points or somatic behavior. These techniques work with millisecond temporal precision. In addition, neurons can be manipulated chronically to simulate physiological aberrations by transfecting designer G-protein-coupled receptors exclusively activated by designer drugs. In this review, we elaborate on the fundamental concepts and applications of these techniques in research.
Introduction
The pursuit of a solution for the puzzle of complex brain networks started with Cajal and Golgi and continues to this day. The arrangement of axonal and dendritic processes presents an extraordinary challenge for the analysis of how information flows. Electrical stimulation, glutamate uncaging, and high-power laser excitation methods have provided assistance in this endeavor [1, 2] . GFP-tagged retrograde viruses like pseudorabies virus and herpes virus, as well as retrobeads, have led to the identification of neuronal circuitry such as projections from the paraventricular nucleus (PVN) in the midbrain to the spinal cord and then to the periphery, or from the PVN to the rostral ventrolateral medulla (RVLM) or nucleus tractus solitarus in the brainstem [3] . Separately perturbing neuronal activity within nuclei reveal how the brain is compartmentalized to control distinct functions. This has led to the understanding of how nuclei within the brainstem regulate baroreflex sensitivity while the PVN in the hypothalamus is involved in the long-term regulation of blood pressure.
Earlier, to identify downstream changes in autonomic function, a specific brain nucleus would be electrically or chemically stimulated or lesioned. For example, PVN ablation in hypertensive mice can rescue the chronic increase in blood pressure, giving a clue that this nucleus is involved in the maintenance of long-term sympathetic drive [4] . However, the PVN contains a heterogeneous population of neurons and ablation studies do not give information about which types of neurons are involved. Are they excitatory or inhibitory, vasopressinergic or glutamatergic? Retrograde labelling with viruses has helped elucidate neural circuits, but a clear answer regarding their function can be better provided when these neurons are seen in action, in vivo.
Outright electrical ablation of brain regions has provided evidence of how they can be related to a physiological endpoint. Ablation of tissue surrounding the anteroventral third ventricle (AV3V) arrests the rise in blood pressure in the one-kidney Grollman model and the Goldblatt model of renal hypertension [5] . However, the tissue encompassing the AV3V contains many nuclei with their respective functions, such as the median pre-optic nucleus (MNPO), sub-fornical organ (SFO), organum vasculosum lamina terminalis (OVLT), and PVN. Ablation of the AV3V provided evidence that this whole region regulates blood pressure. However, identifying the individual function of each nucleus and the stimuli to which they respond requires a more fine-tuned approach. Electrophysiological techniques to patch neurons, both in vivo and in vitro, have enabled deeper insight into brain networks. They have thrown light on circuitry and enabled an understanding of protein interactions that promote or inhibit neuronal excitability. It is possible to identify the functions of two populations of neurons within the same nucleus using patch clamp. For example, a norepinephrine-releasing subpopulation of catecholaminergic neurons in the brainstem responds to the vasoactive peptide Ang-II and is involved in hypertension [6] . These techniques have taken the field forward and enabled the development of newer technology to further explore neural circuits.
Genetic tools have been used to generate conditional neuronal knockouts. This allows specific targeting of neuronal populations within a single heterogeneous nucleus. For example, Agouti-related peptide (AgRP) and pro-opiomelanocortin (POMC) neurons reside in the arcuate nucleus, but can be separately targeted using the CreLox mechanism [7] . The ability to conditionally target a subset of neurons within a nucleus in order to manipulate gene expression has advanced our understanding of several cell-signaling mechanisms, and physiological and behavioral functions. New-age tools such as optogenetics, Capturing and manipulating activated neuronal ensembles (CANE), Ca 2? imaging, and designer receptor exclusively activated by designer drug (DREADD) in combination with older techniques, can manipulate a single neuron and then quantify the resultant end-point physiological function. In this review, we discuss the general principles, delivery strategies, applications in research, and technical challenges of optogenetics, CANE, DREADD, and Ca 2? imaging as well as how they have been used to advance our understanding of brain circuitry.
Optogenetics
Optogenetics is a tool that makes it possible to label and functionally activate or silence specific neurons to modulate behavior or autonomic responses with a high level of control.
General Principles
This tool uses light-sensitive ion channels called rhodopsins, isolated from the green algae Chlamydomonas reinhardii. Channelrhodopsin-2 is a light-gated cation channel that opens in response to 475-nm light and allows an influx of sodium ions (Fig. 1 ). When these channels are transfected into specific neurons, photoactivation by means of an optical fiber depolarizes the neurons [8] . Transfecting neurons with yellow light-sensitive halorhodopsin leads to an influx of chloride ions leading to hyperpolarization [9] . Yellow-green light-sensitive archaerhodopsin activates an outward proton pump [10] which produces hyperpolarizing currents and silences the neuron. These channels respond to light in the range of 575 nm-600 nm.
Optogenetic silencing has seen many updates as it involves blocking any depolarization for the entire length of time that the channel is activated. It requires that the neuron can promptly resume its activity as soon as the light is turned off. Archaerhodopsin has the kinetics for such rapid activity.
Delivery Strategies
Light-gated opsins are targeted to specific neurons using a viral construct that uses a neuronal promoter or the CreLox system. Opsins are more often packaged in adenoassociated virus (AAV). The AAV can incorporate limited kilobases of DNA which is sufficient to transfer the specific opsins. Stereotaxically injecting this virus can direct the opsin (driven by a generic neuronal promoter, synapsin) to all neurons in that nucleus. A CamKIIa promoter is used to drive the opsins into glutamatergic neurons, and some studies have shown that a small number of GABAergic neurons are also targeted with this promoter [11] . There are opsin constructs engineered with a double-floxed inverse open-reading frame (DIO) wherein the opsin is inverted in the AAV gene construct. There are two ways of administering the AAV-DIO-opsin to target the neurons of interest. One is to inject AA-DIO-opsin into a transgenic mouse that already expresses Cre-recombinase driven by a specific promoter, and the other is to inject it in combination with an AAV-Cre-promoter to transfect all neurons in that nucleus [12] .
Several studies have addressed the effects of incorporating Cre-recombinase into the genome. Does Cre-expression interfere with regular protein expression, does it induce glial cell reactivity in the brain, or does it alter neuronal vulnerability? Extensive data show that Crerecombinase does not change the neuronal environment, whether it is injected with a virus or constitutively expressed in the genome. In fact, one study used retinal cell structure and function to analyze how Cre-recombinase impacts the neuronal environment. Their model used tamoxifen-induced Cre expression. Using morphometric analysis, immunohistochemical staining, real time-PCR, and angiography they demonstrated that there is no interference by Cre expression [13] .
There is more than one way to design experiments to target a neuronal population of interest. Animals with constitutive Cre expression in genetically distinct populations of neurons can be used in several ways. One option is to inject an AAV-DIO-opsin into the nucleus of interest, thus restricting the opsin expression to a specific brain region as well as in a selected population of neurons. Another option is to cross animals with constitutive Crerecombinase expression with animals that have an opsin knocked-in [14] .
Once light-gated opsins are transfected into a neuron, it can be activated by light. Prolonged light exposure and uninhibited neuronal activity can cause cell damage, along with a heat build-up. Therefore light-pulses of 5 Hz-20 Hz are administered while maintaining a sufficient timeinterval between stimulations. The light intensity is carefully optimized to avoid light-induced temperature changes in the tissue [15] 
Applications in Research
In an attempt to access deep brain regions and efficiently silence a large volume of neurons, Chuong et al. engineered a red-shifted cruxhalorhodopsin derived from Halobacterium salinarum. This approach was demonstrated in a retinitis pigmentosa mouse model which is characterized by an inability of cone photoreceptor cells to hyperpolarize. Hyperpolarization of the cone photoreceptor is crucial so that it can be reactivated. Transfecting cruxhalorhodopsin channels into cone photoreceptors proved better-suited than other silencing opsins for therapeutic cone reactivation. It achieved greater spike rates in the cone photoreceptors in a more natural frequency range, which could be important for retinal neural coding [16] .
Photo-tagging glutamatergic and GABAergic neurons within osmosensitive nuclei such as the MNPO and OVLT made it possible to identify their defining roles in regulating thirst [17] . Turning on glutamatergic neurons with channelrhodopsin and 475-nm light triggers a waterseeking response within milliseconds. Interestingly, waterseeking can be inhibited in dehydrated mice when the GABAergic neurons are optogenetically activated. The rapid relay of information from the brain resulting in a behavioral outcome can be studied because optogenetics can keep pace with the in vivo mechanism. Injecting an opsin into one nucleus can change the downstream functioning of a connected nucleus. For example, activating catecholaminergic neurons in the RVLM leads to the activation of noradrenergic neurons in the locus coeruleus [18] . In fact, Burke et al. also showed that activating these neurons increases blood pressure in quietly resting rats, confirming the RVLMlocus coeruleus circuit [19] .
Technical Challenges
The greatest advantage of this technique is its high spatiotemporal resolution and the ability to selectively activate specific neurons, providing evidence to identify neuronal circuits and their functions in freely-moving animals.
Characteristics that define light-gated opsins are conductance, ion selectivity, kinetics, and desensitization kinetics [20] . The speed with which opsins respond to light-induced activation is controlled by the conductance of the channel. For channelrhodopsin, at 0 mV the channel reaches the reversal potential and there is minimum leak current. The challenge with optogenetics is implanting an optical fiber that must be placed close to the nucleus of interest, with the potential risk of displacing or damaging brain tissue. Prolonged light stimulation can also produce heat damage to cells leading to cell death. Efforts to engineer variants of channelrhodopsin have improved the light sensitivity but slowed the kinetics [21] . A red-shifted variant of channelrhodopsin called ReaChR attempts to eliminate the invasive surgery of lowering an optical fiber into the brain tissue [22] . It allows transcranial stimulation of channelrhodopsin using light in the red to far-red range (600 nm-655 nm). It has proven successful in the motor cortex. However, whether it will be able to stimulate opsins located in deeper brain regions that control autonomic functions is yet to be determined.
CANE
Raising the stakes on optogenetics requires a technique that can identify and capture neurons that functionally respond to a given stimulus in vivo and then photo-tag these neurons. Activating these neurons at a later date, under a neutral circumstance, should elicit the same peripheral or behavioral response, even when the real stimulus is absent. The first step to such a goal is to identify a marker to label activated neurons. cFos, early growth response-1 (Egr1), and activity-regulated cytoskeleton-associated protein (Arc) are expressed by immediate-early genes and are markers of neuronal activation. The cFos expression level reaches a peak within a couple of hours and can be visualized with immunohistochemistry. c-Fos and delta FosB proteins are markers of acute and long-term neuronal activation, respectively [23] . In neurons, cFos is expressed when a build-up of cAMP and Ca 2? activates the CREB/ CRE complex. Fos proteins dimerize with transcription factors of the Jun family. This build-up activates another transcription factor called activator protein-1 [24] . The c-Fos promoter light-gated channels can be incorporated into activated neurons. Therefore, in the absence of the original stimulus, shining light on these neurons will still lead to a peripheral response.
This system of capturing activated neurons has seen some refinement. As cFos expression is transient and lost within 6 h, the first challenge was to permanently tag the fos-expressing activated neurons, so that they could be identified on a future date. Consequently, when the same stimulus is presented again, the same ensemble of neurons should be re-activated and their cFos expression is expected to overlap with the previous exposure. This was achieved with a TetTag mouse that combines elements of tetracycline-transactivator (tTA) with neuronal activityinduced activation [25] . In recent years, this system helped identify how a specific memory is encoded by a select population of neurons in the hippocampus [26] . The same neurons light up when a specific memory is revisited in order to recall it. As a result, light-activating those neurons in the absence of a fear stimulus could still instill a fear phenotype, which can be quantified by recording the animal's freezing response.
For the tetracycline-controlled transcriptional activation to work, the mouse must feed on doxycycline to inhibit cFos-driven tTA expression. Therefore, channelrhodopsin fails to express in activated neurons expressing cFos. To tag neurons that are responsible for making a new memory with channelrhodopsin, tTA must be expressed in the activated neurons that endogenously express cFos. This is possible when the mouse is taken off the doxycycline diet. The withdrawal of doxycycline enables the persistent labelling of activated neurons. cFos expression kinetics involve a peak in expression at 2 h and complete loss by 6 h [23] . However, to allow doxycycline to work, it must be absent from the mouse diet for at least 1-2 days. This allows large amounts of non-specifically activated neurons to express channelrhodopsin. This increases the background and diminishes the specificity of studying the neurons that are responsible for a given behavior. Therefore, a technique that can reduce this time-window so that fewer non-specific neurons are tagged will enhance our ability to identify neurons that are responsible for peripheral physiological changes. This is of great relevance when studying autonomic regulation, as the brain-to-periphery changes are very rapid.
General Principle
CANE is a variation of the cFos-tTa method with additional features. This system uses a knock-in mouse in which neuronal activity-induced Fos expression triggers the co-expression of a destabilized avian receptor (TVA). The TVA receptor is expressed on the neuronal cell membrane for the length of time that cFos expression lasts and thus peaks at the 2-h time point.
Delivery Strategy
This feature allows the mapping of inputs received by activated neurons, thus also mapping their projections.
Therefore, CANE enables the persistent and efficient capture of c-Fos-positive neurons when presented with a sensory or autonomic stimulus. It allows the transfection of any gene of interest (e.g., GFP or Cre) within those activated neurons that had responded to the initial stimulus. It also provides for monosynaptic mapping, as the gene of interest can be packaged in a monosynaptic rabies virus and then injected into the brain [27] .
Applications in Research
In a classic resident/intruder mouse paradigm, it is possible to distinguish aggressor-specific neurons from social fear neurons with CANE. Both populations of neurons reside within the heterogeneous hypothalamic nucleus. Interestingly, targeting channelrhodopsin in the subset of social fear neurons and shining 475-nm light on them can switch the aggressive response in the resident aggressor mouse into a fear response. Therefore, the aggressor mouse ceases attacking the intruder mouse, moves to the corner of the cage, and freezes [27] . This activity-dependent technology has also led to the identification of nociceptive neurons in the parabrachial nucleus and their connections with the affective pain system [28] . Potentially, this system should be able to capture neurons involved in the autonomic regulation of cardiovascular system and other autonomic processes with greater consistency than somatic processes. This will allow further focused and specific gene modifications to answer questions regarding autonomic regulation and drug targeting.
Technical Challenges
This method requires high precision while stereotaxically injecting the EnvA virus into a nucleus of interest. Moreover, unnecessary neuronal activation leading to cFos expression must be prevented. Certain autonomic and behavioral functions are sensitive to anesthesia and can result in non-specific neuronal labelling. [7, 31] .
GFP-Based Genetically Encoded

General Principle
The GECI gene construct translates to a protein that consists of a Ca 2? -responsive calmodulin, two green fluorescent protein (GFP) subunits, and a calmodulin binding peptide, M13, which is a component of myosin light chain kinase, in that order. The two GFP subunits are purposely in the wrong order. In this state, they do not fluoresce in response to blue 473-nm light. When Ca 2? surges in the neuron and binds to calmodulin, the calmodulin binds to M13, leading to a conformational change. As illustrated in Fig. 2 , the new conformation allows the two GFP subunits to be oriented such that they appropriately dimerize and therefore become functional. Now, shining blue light at 473 nm leads to a GFP signal only where Ca 2? has bound to calmodulin-i.e. in an actively firing neuron [32] -therefore revealing neurons that are activated in response to physiological change.
Delivery Strategy
An AAV-GCaMP cassette can be injected into any nucleus of interest. The GCaMP gene cassette is transfected into the neurons, driven by a specific neuronal promoter or cre-recombinase in the animal. At the time of virus injection, a fiber photometry system is also placed in the same region. An optical fiber connects to a photometry device to capture the fluorescence emitted by GECI. GECI has evolved from being a GFP-detectable system to one that can detect blue, red, and yellow fluorescent proteins [33] . It enables simultaneous 2-color imaging, for example, of neurons and astrocytes [34] .
Applications in Research
Real-time activity of feedback neural networks can be recorded with GECI. The hypothalamus has been studied using GCamp6 (GECI) to understand hunger, thirst, and autonomic responses. The hypothalamus contains several populations of neurons that are genetically distinct therefore can be separately targeted. For example, injecting the hunger hormone Ghrelin activates AgRP and inhibits POMC neurons [7] . However, presenting a food pellet to a fasted mouse has an opposite response, mainly because the fasted animal is transitioning from hunger to satiety. It lowers the activity of AgRP neurons, while in POMC neurons it induces heightened firing. Therefore, detecting the precise time of neuronal activation provides clear evidence of what the neurons are reacting to, whether it is hunger, food presentation, food consumption, or satiety. It is also possible to study how neurons have varied responses based upon the caloric quality of food (e.g., peanut butter versus chow). In mice, AgRP and POMC neurons have a quantitatively heightened response to peanut butter compared to regular chow. This intricate neuronal relationship can be recorded because of GECI [7] . GECI has led to understanding the temporal pattern of neuronal firing to control behavior. To understand if it is to rescue a homeostatic aberration or it is in anticipation of a homeostatic aberration, a brilliant example comes from the thirst neurons located in the SFO. Upon food intake, blood tonicity is disturbed, which can be countered by drinking water. Thirst neurons in the SFO start firing to initiate drinking even before blood tonicity is disturbed by food intake. These neurons can predict that a need for excess water will arise in the future, so blood tonicity can be maintained. Moreover, with GECI it is possible to visualize the neuronal firing profile in real time: as the mouse responds with a drinking response, as soon as it makes the first lick of water, there is a rapid reduction in neuronal firing [31] .
Technical Challenges
GECI has evolved from GCamp2 to GCaMP6-8, where the temporal resolution is remarkable. It can detect changes in neuronal firing within a specific nucleus in freely-moving and behaving mice. On the other hand, it cannot provide a -calmodulin binds to M13, therefore re-orienting GFP subunits in the correct order. Now the GFP is detectable upon excitation with 473-nm light, indicating an activation-associated Ca 2? surge.
snapshot of whole-brain function. It cannot answer questions that involve anything beyond the area in question.
DREADD
DREADD is a chemogenetic tool that includes an excitatory or inhibitory G-protein-coupled receptor that can be activated by an exogenous ligand or drug. Theoretically, this ligand is pharmacologically inert and can only bind to the designer receptor. Therefore, the DREADD receptor cannot be activated by acetylcholine or any other endogenous neurotransmitter. It is a 'remote-control' technology to chronically activate or silence a neuronal circuit, leading to sustainable and quantifiable changes in physiology.
General Principle
hM 3 Dq is a Gq protein-coupled receptor that can be activated by clozapine-n-oxide (CNO) (Fig. 3) . CNOactivated hM 3 Dq leads to Ca 2? influx into the cell. When hM 3 Dq is transfected into a neuron, CNO-induced activation leads to its depolarization [35] . On the other hand, when a Gi-DREADD (hM 4 Di) is transfected into a neuron, it causes chemogenetic inactivation. hM 4 Di harnesses the G-protein-coupled inwardly-rectifying K ? channel response. Upon activation with CNO, the neuron hyperpolarizes and is therefore silenced [36] .
Delivery Strategies
DREADD receptors can be transfected into neurons of interest using AAV with expression of the receptor controlled by specific promoters. Cre-recombinase-driven expression of DREADD can target a nucleus of interest. Therefore, depending on the promoter and site of injection within the brain, DREADD can be used to target a specific cell-type, a specific neuronal projection, or a specific nucleus within the brain. As both the receptor and drug are exogenous entities, their function cannot be interrupted by endogenous processes.
Application
Since its discovery, DREADD has become a useful tool with which to study neural control of autonomic regulation and behavior. For example, when excitatory hM 3 Dq DREADD receptors are transfected into oxytocin neurons in the paraventricular nucleus using a Cre-recombinase driver, they can rescue the hypertension caused by chronic intermittent hypoxia-hypercapnia [37] . Chronic activation (21 days) of this selected population of neurons with CNO attenuates the development of hypertension, indicating a crucial role of these neurons in regulating sympathetic output and blood pressure. Shi et al. described how neuropeptide Y decreases sympathetic activity by activating inhibitory neurons within the arcuate nucleus with hM 3 Dq and CNO [38] . They also provided evidence of a circuit effect by injecting a neuropeptide Y receptor Receptors that mimic Gq protein-coupled (excitatory in neurons) and Gi protein-coupled (inhibitory in neurons) receptors can be selectively activated by the designer drug clozapine-n-oxide (CNO), leading to chronic activation or deactivation of a selected population of neurons. It is possible to quantitate neuronal activity detected by the system GECI expression is long-lasting, allowing more than one experimental session with a transfected mouse GECI sensors can be expressed in vivo using transgenic mice, thus avoiding stereotaxic injection of virus and confining its expression to the area of interest High spatio-temporal resolution
Involves invasive stereotaxic surgery to install the detecting probe
The GECI must be selected carefully in order to address a hypothesis correctly
Can only provide information on neuronal activation in a selected nucleus but not the whole brain
GCaMP3 sensors indicate how vagal sensory neurons respond to enteric mechanoreceptors and chemoreceptors [43] GCaMP6 sensors expressed in heat-sensitive neurons in the ventromedial preoptic area detect changes in activity in response to temperature which results in an autonomic response [44] GCaMP3 sensors indicate that somatostatin GABAergic neurons in the dorsal motor nucleus of the vagus regulate parasympathetic gastric activity [45] DREADD Allows chronic long-term control of neurons Persistent neuronal manipulation is possible without damaging the cell.
Activated exclusively by intraperitoneal injection of the designer drug, clozapine-n-oxide Transgenic mice that express DREADD receptors using the Cre-Lox mechanism eliminate the need for invasive stereotaxic surgery CNO rapidly metabolizes to clozapine, an FDA-approved antipsychotic Clozapine binds to the designer receptor with greater affinity than CNO Therefore, experiments must be designed with appropriate controls, to eliminate any interference caused by clozapine itself Activating excitatory hM 3 Dq DREADD in oxytocinergic neurons in the PVN rescues chronic intermittent hypoxiahypercapnia-induced hypertension [37] Using hM 3 Dq DREADD to activate inhibitory neurons in the arcuate nucleus lowers sympathetic activity [38] hM 3 Dq DREADD-induced activation of astrocytes in mice leads to autonomic changes such as increases in heart rate, blood pressure, and saliva formation [46] antagonist, not into the arcuate nucleus but into a downstream nucleus (dorsomedial hypothalamus), to reverse this effect. Interestingly, activating dopaminergic neurons in the midbrain using CNO and hM 3 Dq regulates motor activity in a dose-dependent manner [39] .
Technical Challenges
As DREADD receptor technology is becoming frequently used, an important shortcoming with the designer drug CNO has been revealed. In vivo, CNO cannot cross the blood-brain barrier until it is metabolized to clozapine. Moreover, when tested in vivo, clozapine has been found to have a higher affinity for the designer receptor than the designer drug, CNO. As clozapine itself is an FDAapproved antipsychotic, it must act on its target in the brain. It has been found that directly administering clozapine also activates DREADD receptors. To eliminate a possible outcome due to the anti-psychotic agent, it is crucial to control every DREADD experiment with a group that receives CNO without the receptor transfection [40] .
Summary
Traditional techniques for functional imaging of the brain with fMRI or PET scans lack precision in interpreting data because they cannot identify or characterize the neurons involved. Recent advances allow the labelling of a neuron, control of its activity, and therefore manipulation of the end-point physiology. We can address which neurons are affected by hunger and to what extent. If the appropriate population of neurons is manipulated, it is possible to stop a dehydrated mouse from drinking by inducing a false feeling of satiety. Photo-labelling allows the acute manipulation of specific cohorts of neurons, while chemo-genetic tools enable long-term manipulation that can be stretched out for days. Genetically-encoded Ca 2? -imaging can visualize the extent to which neurons respond to a stimulus with high temporal accuracy. Each of these techniques involves stereotaxic surgery and relies on viral transfection to capture a select population of neurons. Table 1 summarizes the advantages and limitations of these techniques and lists some published applications for the study of the autonomic system. To fine-tune manipulation, one must correctly identify the genetic promoters that target only those neurons within a nucleus that are of interest. Each of these steps can be controlled and cross-checked to confirm the accuracy of the experiment. These techniques involve complex hardware to stimulate, quantify, and image the outcome.
Wireless optogenetic tools protect post-surgery ferrules and skull caps from possible detachment. Importantly, they allow remote operation through LEDs to turn on or off neurons without connecting wires and fibers. The process of handling an animal to attach optical fibers to the skull cap causes stress and interference. Micro-LEDs are an upgrade to achieve wireless optogenetic manipulation [47] .
Optogenetics and Ca 2? sensors are being used to study cells other than neurons, in the periphery. The Ca 2? sensor GCaMP3 has been transfected into urethral smooth muscle cells to characterize the Ca 2? signaling [48] . Based on the principle of Ca 2? sensors like GCaMPs, ANEPPS are voltage-sensitive dyes designed to respond to changes in membrane potential [49] . Like GCaMPs, there is a range of these dyes that target various cells other than neurons with increasing sensitivity. Changes in membrane potential indicate changes in nerve-impulse propagation, muscle contraction, and cell-signaling. Di-4-ANEPPS has been used to study human cardiomyocytes derived from induced pluripotent stem-cells, to determine how these cells respond to a range of drug treatments [50] .
Channelrhodopsin-2 has been transfected into cells other than neurons, like muscle tissue, to mimic continuous training with optical stimulation. This has enabled understanding of the vascularization of muscle fiber bundles [51] . Optogenetic stimulation of skeletal muscles has also been attempted as a possible treatment for paralysis [52] .
Evolution of the technology to deliver specialized opsins or DREADD receptors into the human brain could change the way we treat human disorders. DREADD receptors are human mutants of muscarinic receptors that can be activated by CNO [36] . CNO is a derivative of clozapine, which is already an FDA-approved drug. It is welltolerated at low doses that are enough to activate the designer receptors. Given that DREADD receptors mimic G-protein-coupled receptors and are prevalent in almost every cell, they can be of clinical benefit. If a viable delivery strategy for the human brain is found, then specific neuronal circuits can be targeted and silenced or activated by clozapine or its derivatives. Now more than ever, we have a clear picture of the neurons and circuits involved in models of disease like Parkinson's as well as those involved in autonomic regulation, and this provides a strong pre-clinical arsenal. It is possible to inject a single nucleus and map its input circuits and projections, identify activated neurons, and functionally manipulate them, thereby manipulating the gross physiology. It is possible to change the course of disease in animal models by functionally activating or silencing a subset of neurons.
